This paper focuses on the effect of induction hardening and superimposed stroke peening, as mechanical post-treatment, on the fatigue and fracture behavior of gas engine 50CrMo4 steel crankshafts. Comprehensive analysis in regard to local microstructure, hardness and residual stress profile in depth is performed to examine the local characteristics of the investigated crankshafts and the representative notched round specimens. An evaluation of the equivalent von Mises residual stress condition in depth demonstrates an increase by over 70% of the average compressive residual stress state due to the superimposed stroke peening compared to the induction-hardened condition. Rotating bending fatigue tests reveal that the additional stroke-peening process elevates the high-cycle fatigue strength of the induction-hardened surface layer by 20%, which validates the beneficial effect of the enhanced compressive residual stress state. An extensive fracture surface analysis presents the position of crack initiation for each investigated manufacturing condition indicating that the failure origin preferably starts at the surface for higher load levels. On the contrary, the crack initiation shifts beneath the hardened layer in case of lower load levels leading to subsurface failure origin.
Introduction
This paper investigates the effect of thermo-mechanical and superimposed mechanical post-treatment on the fatigue strength enhancement of forged and electroslag remelted large 50CrMo4 steel crankshafts. Focus of the application is laid on stationary gas engines exhibiting a comparably high level of electrical and thermal efficiency (Ref 1) . By the permanent increasing demand to optimize specific power output, an enhancement of the local fatigue strength at the highly stressed regions of crankshafts, such as the notched region at the lubrication hole (Ref 2) and the fillets between the web and the crankpin or main journals (Ref 3) , is therefore of utmost importance. In this work, focus is laid on the latter failure type as fatigue-critical notch case for large crankshafts (Ref 4) . A classifier to estimate the failure risk level of a 16-cylinder generator crankshaft based on a dynamic diagnosis and crack growth model is introduced in Ref 5 concluding that the presented procedure is well capable for crack identification. In general, fatigue strength assessment of crankshafts is primarily performed utilizing components testing, which is common for comparable smallscale crankshafts in automotive industry (Ref 6) , or by facilitating multiaxial fatigue approaches (Ref 7-9) based on numerical analysis including dynamic load and stress computation ( Ref 10) . One common and industrially applied thermomechanical technique to improve the fatigue strength of crankshafts of all sizes is surface induction hardening (Ref 11) .
Thereby, numerous process parameters affect the beneficial compressive residual stress condition in the surface layer after the heat treatment, such as power, current frequency and process time during inductive heating as well as the subsequent cooling behavior. An experimental analysis of these process parameters influencing the final residual stress state based on comprehensive x-ray measurements is provided in Ref 12. Besides heat treatment processes, also mechanical post-treatment methods like deep rolling are applied especially at the fillets of crankshafts (Ref 13) . Again, the fatigue strength Martin Leitner and Florian Grü n, Chair of Mechanical Engineering, Montanuniversität Leoben, Leoben, Austria; and Zafer Tuncali, GE Jenbacher GmbH & Co OG, Jenbach, Austria; and and Wei Chen, GE Water & Distributed Power, Houston, TX. Contact e-mail: martin.leitner@unileoben.ac.at.
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High-cycle fatigue strength amplitude at N = 5 9 10 6 load-cycles r v Equivalent von Mises stress r 1, 2 Maximum/minimum principal stress s Shear stress enhancing effect results from a compressive residual stress condition within the surface layer. Nowadays, nonlinear numerical simulation techniques are commonly employed to optimize process parameters in regard to durability (Ref 14 Figure 1 depicts a schematic representation of the manufacturing procedure as well as the analyzed local characteristics, such as hardness and compressive residual stress distribution in depth, at the loaddependent highly stressed region of the notch root.
Specimen Design and Manufacturing
Geometry and Extraction Position
Based on a preliminary study incorporating a dynamic load and stress analysis of a 16-cylinder gas engine crankshaft, local stress distributions at the highly stressed fillets between the web and the crankpin as well as main journals is numerically evaluated (Ref 18) . Subsequently, a notched round specimen exhibiting a testing diameter of d = 30 mm is designed, which features a comparable local stress distribution in depth by applying an external four-point bending load in the course of the experiments; see Fig. 2 .
Therefore, specimen fatigue test results, which are transferable to the real gas engine crankshaft application in terms of the local load-induced stress distribution, are ensured.
As the crankshafts are forged components, the specimens are directly extracted from the ends of the crankshafts; see Fig. 3 . With reference to the crankshaft, this extraction procedure guarantees a similar microstructure and material behavior as the base material condition for the specimens.
Base Material
In the frame of this study, 50CrMo4 steel crankshafts in forged and electroslag remelted (ESR) condition are utilized as base material. Preliminary work investigating the uni-and multiaxial fatigue strength of this material is presented in Ref 19 . It is shown that the ESR process has a remarkable influence on the tension/compression high-cycle fatigue strength at a stress ratio of R = À 1 with an increase of about 37% compared to the condition before ESR. The nominal chemical composition of the 50CrMo4 steel as base material is specified as 0.46 to 0.54% C, maximum 0.40% Si, 0.50 to 0.80% Mn, 0.90 to 1.20% Cr, and 0.15 to 0.30% Mo by mass according to Ref 20. The nominal mechanical properties of 50CrMo4 round bars for diameters between 16 and 40 mm, which fit to the size of the utilized specimen geometry, are provided in Table 1 . The data can be considered as minimum values, which apply for the used base material and specimen size.
Utilizing the designed specimen geometry, both posttreatment procedures are applied in order to achieve comparable local material conditions as of the real crankshafts. To validate the material properties, metallographic inspections as well as VickerÕs hardness and x-ray residual stress measurements in depth are performed, which are subsequently presented in detail.
Induction Hardening and Stroke Peening
After extracting and final machining of the specimens, twothird of the specimen lot is subsequently heat-treated by surface induction hardening. Relevant process parameters within the inductive heating and water cooling process are adopted in order to achieve a comparable microstructure in the surface layer as well as similar hardness and residual stress profiles in depth.
The induction hardening process of the specimens is performed utilizing inductors, which move along the axial axis of the samples and which are consisting of two separate encircling round coils with different frequencies of the electromagnetic field. The first coil possesses a medium frequency to achieve global heating, and the second coil features a high frequency to intensify local heating within the surface layer of the specimen. The subsequent quenching process is done by spray cooling process, in which again an encircling round nozzle is moving along the axial axis of the specimens. A detailed description of the manufacturing process including a representation of a numerical process simulation of the induction hardening illustrating the heat flow during heating and cooling is provided in Ref 21 . Figure 4 shows a micrograph in etched condition of an induction-hardened surface layer of a crankshaft fillet exhibiting a heat-treated depth of about 3 mm at the highly stressed point. Additionally, the fine-grained martensitic microstructure in the surface layer evaluated by light-optical microscopy is illustrated.
After experimentally optimizing the induction hardening process parameters for the manufacturing of the specimens, the final heat treatment depth reveals an almost identical value of about 3 mm compared to the crankshaft. Additionally, the mean VickerÕs hardness in the surface layer indicates just a minor deviation of approximately 5% between the specimen and crankshaft. However, as the heating and cooling conditions are geometry-dependent fundamentally different between both geometries, this specimen condition is taken as well optimized basis for the further analysis.
Subsequently, half of the induction-hardened specimens, equaling one-third of the specimen lot, are additionally posttreated by stroke peening. The mechanical process is shown in Fig. 5 representing a hardened pin exhibiting a tip radius comparable to the notch radius, which iteratively impacts the surface at the notched area of the specimen. Again, an experimental process parameter pilot study, incorporating the applied impact force and distance between two strokes, is performed in order to obtain a comparable hardness and residual stress profile in depth matching to the crankshaft. Microscopic analysis reveals that due to the superimposed mechanical treatment no significant change of the martensitic microstructure within the hardened surface layer occurs. This is also in accordance to the hardness measurement results, whereby no distinctive modification after applying the strokepeening process is detectable. Final mean hardness values of the specimens are again in sound agreement to the values of the crankshaft with a minor difference of about 1%.
Summarized, microstructure and hardness condition of the specimens agree well to the behavior of the real crankshaft, which enables the experimental investigation utilizing the introduced representative round specimens. The final VickerÕs hardness measurement profiles in depth, normalized by the average value of the base material, are depicted in Fig. 6 for the investigated testing conditions. Firstly, it is observed that the induction hardening (IH) process significantly increases the local hardness in the surface layer by a factor of about two compared to the base material (BM) behavior. Secondly, the superimposed stroke-peening condition (IH + StrP) leads to a minor reduction in the hardness state by about 5% and to a slight enhancement of the hardening depth by about 0.5 mm on average. These two effects can be mostly drawn to a softening of the induction-hardened structure in the surface layer and to a hardening of material beneath the induction-hardened zone.
In Ref 22 hardened steel specimens are additionally deeprolled, where it is concluded that the values of microhardness tend to decrease with the elevation of number of passes. In the course of the StrP process, the pin hits one position several times due to the overlapping, which can be equated by a multiple number of passes for deep rolling. Hence, the observed softening is also shown within other investigations substantiating the findings in this work.
Residual Stress Conditions
In addition to the analysis of the local microstructure and hardness state, comprehensive residual stress measurements based on the x-ray diffraction method (Ref 23) are performed at the notch area in order to validate whether a similar residual stress condition of the specimens compared to the crankshaft is accomplished. Due to major differences in global size, geometry in the adjacent area of the notch, and manufacturing process parameters, no complete conformity may be achieved; however, a matchable quantitative distribution acts as fundament to obtain equivalent and transferable results within the fatigue tests. Herein, the residual stresses are evaluated utilizing CrKa radiation by applying the d(sin 2W) cross-correlation method with a collimator size of 1 mm, and a duration of exposure of 30 s. The presented residual stress distributions are normalized using a mean value of the base materialÕs yield strength evaluated in the course of several quasi-static tensile tests. Figure 7 depicts the residual stress state in axial direction, which is the loading direction within the subsequently performed four-point bending fatigue tests, for the specimen in induction-hardened condition. For validation, the corresponding residual stress distribution of the crankshaft measured at a highly stressed fillet as pictured in Fig. 3 is presented. It is shown that the mean values at the surface-near layer up to a depth of 50 lm agree well with a difference of just 5%. Further on, it is observable that the specimen features a slightly increased compressive residual stress state up to the final measurement depth of 1500 lm compared to the results of the crankshaft. Nevertheless, a generally sound accordance between the specimen and the crankshaft is still attained.
The residual stress measurement results in tangential direction, which equals the circumference direction at the surface of the notch, for the specimen and crankshaft in induction-hardened condition are provided in Fig. 8 . In this case, again the residual stress values at the near surface region up to 50 lm agree well exhibiting a difference of up to 10%. On the contrary to the measurement results in axial direction, the tangential stress distribution in depth reveals a minor increased compressive residual stress state for the crankshaft compared to the specimen. This behavior may be explained by a significant different heat flow and cooling behavior in the course of the heat treatment due to the different sizes of both analyzed geometries. Especially in tangential direction, an enhanced heat flow is enabled by the huge crankshaft diameter equalling about a factor of five compared to the specimen in this area, which leads to superior cooling rates and therefore, a higher compressive residual stress state. However, generally both residual stress distributions match quite well especially near the surface, which again facilitates a transferability of the specimen fatigue test results to the crankshaft behavior.
Figures 9 and 10 depict the x-ray residual stress measurement results for the specimen and crankshaft in inductionhardened and superimposed stroke-peened condition for the axial and tangential direction. At first, a comparison of the surface near as well as the continuing distribution in depth indicates that the specimen values coincidence well with the measurements for the crankshaft. In case of the surface-near 
Comparing the further residual stress distribution up to the final measured depth of 1500 lm, the results in axial direction demonstrate a sound agreement with deviations of up to only 5%. Focussing on the tangential direction, slightly raised distinctions appear, whereby a higher compressive residual stress state for the specimen is observed. Again, these results may be drawn to the different geometrical boundary conditions during the stroke-peening process. Hereby, the local contact stress situation at the notch of the specimen features major differences compared to the crankshaft. This leads to elevated variations of the local plasticized surface zone, especially in tangential direction due to the aforementioned distinctive diameter difference. Hence, a higher compressive residual stress level is enabled in case of the investigated specimen due to comparably enhanced plastification conditions based on the decreased geometrical size in relation to the huge gas engine crankshaft.
Summarized, in both post-treatment conditions, namely IH and IH + StrP, the measured residual stress states agree well in the surface-near layer up to a depth of about 50 lm. However, different geometrical dimensions and local boundary conditions between the specimen and the crankshaft lead to local processdependent deviations during induction hardening and the superimposed stroke peening. This causes differences in the further evaluated residual stress distribution up to a depth of 1500 lm. Nevertheless, as these results represent the final state of a preceding process parameter study, a further improvement in regard to achieve more coinciding values is not expected due to the acting size-effects.
In order to investigate a fully defined plain stress residual stress state in depth, additional x-ray measurements at an angle of 45 degrees between the axial and tangential direction are performed in case of the crankshaft, which are defined as r 12 Figure 11 illustrates the calculated principal residual stress condition for the crankshaft incorporating both post-treatment conditions. Herein, the maximum principal stress r 1 is similar before and after performing the stroke-peening process with values around zero. Special focus needs to be laid on the minimum principal stress r 2 , which clearly reflects the influence of the superimposed mechanical post-treatment. Based on Fig. 7 Residual stress state in axial direction for specimen and crankshaft in induction-hardened condition Fig. 8 Residual stress state in tangential direction for specimen and crankshaft in induction-hardened condition Fig. 9 Residual stress state in axial direction for specimen and crankshaft in induction-hardened and stroke-peened condition these results it can be concluded that the stroke peening significantly increases the compressive residual stresses in depth by over 70% on average. Additionally, the absolute value of the angle of the principal stress a changes from about 43°in case of IH to around 34°for the IH + StrP condition, which reflects that the compressive residual stress direction is slightly shifted toward the tangential stress direction. This behavior can be explained as the increase in compressive residual stresses is higher in case of the tangential compared to the axial direction, as shown in the evaluations before. Figure 12 presents the computed equivalent von Mises residual stress state for the crankshaft incorporating both posttreatment conditions. The values are depicted as compressive residual stresses exhibiting a negative prefix in order to enhance comparability to the prior results. The evaluated equivalent von Mises residual stress results reveal again a major increase of the compressive residual stress state due to the superimposed stroke-peening process by a mean value of over 70%. Summarized, it is shown that in both post-treatment stages, multiaxial stress conditions in the notch arise, which is in agreement to other studies, e.g., by Ref 12 . The elevation of the compressive residual stress state beneficially contributes to a fatigue strength enhancement, which will be discussed in the subsequent chapter.
Fatigue Tests
Results
This section focuses on the experimental fatigue strength evaluation of the specimens incorporating the investigated posttreatment conditions. Therefore, the samples are cyclically tested under four-point rotating bending at an alternating stress ratio of R = À 1. Run-out level is defined at a number of 5 9 10 6 load-cycles and the failure criterion is set as burst fracture of the specimen. The resulting fatigue data points are statistically analyzed utilizing the procedure in Ref 24 for the finite life region and the ArcSin ÖP-transformation to evaluate the high-cycle fatigue resistance r a,N=5e6 as presented in Ref 25 in order to obtain nominal S/N curves for a survival probability of P S = 50 and 90%. The resulting fatigue strength results for the base material (BM), induction-hardened (IH), and superimposed stroke-peened (IH + StrP) condition are compared in Fig. 13 . Thereby, all values are normalized with the statistically evaluated high-cycle fatigue resistance of the base material at 5 9 10 6 load-cycles for P S = 50%. Firstly, it is observed that the induction hardening as heat treatment significantly increases the high-cycle fatigue strength by over 45% compared to the base material behavior, which is in accordance to the suggested surface treatment factor in the range of 1.2 to 2.5 in Ref 26. The statistically evaluated slope in the finite life region is decreased in case of the heat-treated condition exhibiting a value of k = 9.8 in relation to k = 15.8 for the base material. Scattering of the results in the high-cycle fatigue region is quite similar in both manufacturing conditions with a maximum scatter band of 1/T r = 1.10, which equals the ratio of r a,N=5e6 at a survival probability of P S = 10 to 90%. In addition, the number of load-cycles at the transition knee point reduces from N T = 1.4 9 10 6 for the base material to N T = 7.9 9 10 5 for the induction-hardened condition. Secondly, the superimposed stroke peening leads to a further distinctive enhancement of r a,N=5e6 with an increase by 75% compared to the base material, and by almost 20% compared to the induction-hardened condition. The evaluated slope in the finite life region exhibits a value of k = 9.7, which is nearly identical to the induction-hardened one, and the scatter band reveals a minor value of 1/T r = 1.03. Again, the number of load-cycles at the transition knee point is decreasing to a value of N T = 2.7 9 10 5 , contributing to the increase of the fatigue strength behavior by the mechanical post-treatment process. A summary of the evaluated S/N curve parameters is provided in Table 2 .
Fracture Surface Analysis
As fundamental differences in regard to the position of the crack initiation depending on the specimen type and load level occur, this section provides a comprehensive overview of the fractured surfaces. Figure 14 shows a fracture surface of a base material specimen tested at a normalized stress amplitude of r a = 1.28 leading to a number of about 2 9 10 4 load-cycles until burst fracture.
Microscopical analysis indicates crack initiation at the surface of the notch root around the circumference of the specimen, which is typically for base material specimens tested under rotating bending load. After initiation, the cracks propagate toward the centre of the specimen until the critical stress intensity at the crack tip is reached leading to the burst fractured area in the middle. This failure mode is observed for all base material specimens without evaluating an effect by the applied load level.
A fracture surface of an induction-hardened specimen, tested at a comparably high load level of r a = 1.85 leading to a number of about 6.3 9 10 4 load-cycles until burst fracture, is depicted in Fig. 15 . Thereby, again crack initiation at the surface of the notch root around the circumference of the specimen is detected. Herein, the crack quite quickly propagates toward to the centre due to the martensitic brittle material behavior in the hardened surface layer, whereby increased crack growth rates generally occur (Ref 27) .
A more detailed observation of the crack initiation sites in the areas 1, 2, and 3 in Fig. 15 shows that multiple cracks origin at the surface of the notch root. It can be monitored that the cracks in subfigures 2 and 3 are dominating exhibiting a larger crack size in depth compared to the crack in subfigure 1. These findings can be explained by the fact that the local properties in the material, especially within the hardened surface layer, are not completely identical within the highly stressed volume leading to differences in the final crack sizes. However, as the fatigue test results demonstrate a comparably minor scatter band, no major deviations in the local characteristics between the tested specimens occur, which validates a proper manufacturing quality leading to reproducible results.
On the contrary, Fig. 16 presents the fracture surface of an induction-hardened specimen tested at a comparably low load level of r a = 1.48 leading to a number of about 1.2 9 10 6 loadcycles until burst fracture. Microscopical analysis reveals that in this case the crack initiation does not arise at the surface of the notch root, but within the material in the area of the transition from the induction-hardened layer to the core region. In principle, this fracture mode is typical for cyclically-loaded surface-hardened components, which is for example also observed for induction-hardened shafts under shear stress loading in Ref 28. The reason for this phenomenon can be explained based on the concept of the local fatigue strength introduced in Ref 29 . Herein, the fatigue resistance distribution in depth is dependent on the local hardness and residual stress profile as well as the external load-induced stress gradient. As usually a high fatigue resistance is achieved within the surfacehardened layer, the local fatigue strength may not be exceeded at the surface, but at a certain depth below the hardened layer. A study in Ref 30 focussing on the application of the local fatigue strength approach for martensitic surface layers shows that especially in case of smoothly notched geometries exhibiting shallow load stress gradients in depth, the local fatigue strength is typically exceeded below the surface leading to subsurface crack initiation.
In addition, a study incorporating a numerical simulation of the induction hardening process and a subsequent local fatigue assessment based on the notch strain approach utilizing the same specimens as in this work is recently published; see Ref 21 . Herein, the local manufacturing process-dependent fatigue parameters are estimated on the basis of the numerical results, which reveal major differences between the induction-hardened surface layer and the core region. An application of this methodology proofs that in case of comparably minor load levels near the run-out region, the local fatigue strength is exceeded directly at the transition from the hardened surface layer to the core material, which validates the experimental findings in this work. A detailed analysis of the fractured surfaces of all tested samples does not indicate any defects or inclusions; hence, the failure mechanism can be mostly drawn to an interacting effect of the load-stress distribution and the local manufacturing process-based fatigue resistance in depth.
To clarify both different fracture modes, scanning electron microscopic (SEM) investigations of selected crack initiation points are additionally performed. Figure 17 (left) demonstrates the analysis for the crack shown in subfigure 1 of the induction-hardened specimen tested at r a = 1.85, compare to Fig. 15 . It is highlighted that the fatigue crack originates at the surface of the hardened layer. Figure 17 (right) shows the results for the crack initiation shown in subfigure 2 of the induction-hardened specimen tested at r a = 1.48, compare to Fig. 16 . Herein, crack origin can be detected at the transition of the hardened surface layer to the core material with further crack growth toward both directions. Figure 18 depicts the fracture surface of an inductionhardened and additionally stroke-peened specimen tested at a comparably high load level of r a = 2.11 leading to a decreased number of about 3.6 9 10 4 load-cycles until burst fracture. Thereby, a similar behavior as presented for the inductionhardened condition is observed. Due to the comparably high local load stress at the surface of the notch, the local fatigue resistance is exceeded and crack initiation occurs at this area, which is again microscopically analyzed within this study.
Finally, a fracture surface of an induction-hardened and stroke-peened specimen, tested at a comparably low load level of r a = 1.75 leading to a number of about 4.0 9 10 5 loadcycles until burst fracture, is shown in Fig. 19 . The exemplified analysis again reveals a crack initiation below the surface. As both post-treatment conditions exhibit a surface-hardened layer, generally the equal failure modes are detected for only induction hardening and after applying the superimposed stroke peening.
Again, a detailed SEM analysis of selected crack initiation points is performed. Figure 20 (left) reveals the analysis for the crack shown in subfigure 1 of the induction-hardened and stroke-peened specimen tested at r a = 2.11, compare to Fig. 18 . It is shown that the fatigue crack initiation occurs at the surface of the hardened layer equivalent to the inductionhardened condition tested at a higher load level. Figure 20 (right) depicts the local fatigue crack behavior in subfigure 1 of the induction-hardened and stroke-peened specimen tested at r a = 1.75, compare to Fig. 19 . Thereby, again the crack starts below the hardened layer and propagates toward the surface similar to the induction-hardened condition tested at a lower load level. properties and fatigue strength of steel parts is comprehensively researched nowadays, investigations regarding the effect of a superimposed mechanical treatment on a heat-treated surface steel layer are comparatively rare in the literature. Therefore, this paper scientifically contributes to the fatigue strength of induction-hardened surface layers by stroke peening as superimposed mechanical post-treatment technique. Focus of application is laid on the highly stressed fillets of large gas engine 50CrMo4 steel crankshafts within this work. In addition to the fatigue tests, extensive measurements of the local material properties such as hardness and residual stresses states as well as a detailed fracture surface analysis based on light-optical and scanning electron microscopy is performed. Based on the presented results, the following conclusions can be drawn:
Conclusions
• Local microstructure as well as hardness profiles in depth of the investigated round specimen matches well to the measurements of the crankshaft for both post-treated conditions. A minor difference in VickerÕs hardness up to a value of just 5% is observed.
• X-ray measured residual stress states in axial and tangential direction of the specimen shows sound agreement in the surface-near layer up to a depth of 50 lm exhibiting a comparable small deviation up to 10% to the values of the crankshaft. However, slightly increased differences in the residual stress state occur up to a further depth of 1500 lm due to size-effects between the small-scale round specimen and the large crankshaft in the course of the induction hardening and stroke-peening post-treatment process. Summarized, the manufactured specimens reveal comparable residual stress states as the crankshaft enabling a transferability of the acquired fatigue test results to the real application.
• Comprehensive x-ray measurements in case of the crankshaft facilitate the evaluation of an equivalent von Mises residual stress condition in depth, which shows a significant increase by over 70% of the average compressive residual stress state due to the superimposed stroke peening compared to the induction-hardened condition. This behavior majorly contributes to the fatigue strength enhancement by the additional mechanical post-treatment of the induction-hardened layer.
• Four-point bending fatigue tests reveal an increase of the nominal high-cycle fatigue strength by over 45% due to the induction hardening and by 75% due to the additional stroke peening, both values compared to the base material behavior. Hence, the superimposed mechanical post-treatment fundamentally enhances the high-cycle fatigue strength of induction-hardened surface layers by further 20%.
• Fracture surface analysis of the investigated specimen types indicates that in case of the base material condition multiple crack initiation occurs at the surface around the circumference of the notched area. This failure mode is quite similar to both post-treated conditions, but only in case of comparable high load levels. In case of lower load levels, cracks initiate within the material beneath the surface-hardened layer, which can be generally explained by the concept of the local fatigue strength introduced in Ref 29. Further work focuses on the investigation of the statistical size effect on the fatigue strength of surface-hardened components. Analytical and numerical procedures utilizing a highly stressed surface and volume approach are presented in Ref 33 for the base material condition, which act as basis for this prospective analysis. Thereby, an incorporation of common models like given in Ref 29 to include the influence of hardened surface layers is scheduled.
